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ERYTHROPOIETIC ACTION, CUMULATIVE EFFECT AND 
ELIMINATION OF GERMANIUM DIOXIDE. 

Bt JonN Hughes Muller, M.A., Ph.D. 

XKD 

Miriam Stewart Iszard, M.A. 

(From the John Harrison Laboratory of Chemistry aad tho School of Public Hyeicnc, 
University of Pennsylvania, Philadelphia, Pa.) 

The importance of germanium dioxide as an erythropoietic agent 
has recently been established by the investigations of H amm ett, 
Nowrey and Muller. This experimental work was conducted at 
the Wistar Institute of Anatomy and Biology, Philadelphia, and 
the article treating of the results appeared in the Journal of Experi¬ 
mental Medicine, February, 1922. 

The abstract of this article pointed out that the tests were con¬ 
ducted on albino rats. The results of experimentation showed that 
“there took place, as the result of the administration of the com¬ 
pound, a marked and statistically valid rise in the number of the 
erythrocytes. There was no corresponding leukemia. Autopsy of 
the treated rats showed, on gross inspection, that the bone-marrow 
and liver probably participate in the reaction which results in the 
erythropoiesis.” 1 

As an outgrowth of the above-mentioned work the authors of 
this paper have conducted several series of tests, which work was 

1 Hammett, Nowrey and MQIler: Erythropoietic Action of fi.rm .miim Dioiide. 
Jour. Exper. Med., 1022, 35. 
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carried out on the guinea-pig, rabbit, dog and man. The investi¬ 
gation was undertaken with the purpose of finding out: (a) The 
erythropoietic action of germanium dioxide on animals other than 
the albino rat; (6) the toxic effect of large doses; (c) the cumulative 
effect of the compound in the system; (d) the elimination of the 
compound from the system. 

Previous Work with Germanium Dioxide. A search of the literature 
_.shows that animal experimentation with germanium dioxide is 
comparatively a new field of work. Muller in his article in the 
Journal of the American Chemical Society, which deals with the 
determination of the atomic weight of germanium, has given 
methods for the preparation of germanium compounds in a high 
state of purity. 2 

The next work with germanium was that dealing with “The 
Relative Toxicity of Germanium and Arsenic in the Albino Rat.” 
This work was conducted by Hammett, Muller and Nowrey, and 
the publication of their findings appeared in the Journal of Pharma¬ 
cology and Experimental Therapeutics. Primarily, this work was 
suggested by the close relationship existing between arsenic and 
germanium in their respective positions in the periodic system, in 
which they are adjacent in series. The solubility of germanium 
dioxide in water is the most striking connection between this oxide 
and the oxides of arsenic, in which respect germanium departs from 
the behavior of the other elements in Group IV of the periodic 
system and resembles arsenic, holding the adjacent position in 
Group V. 

The results of the findings of the above authors showed that 
“germanium dioxide can be administered subcutaneously in the 
albino rat in doses up to ISO mg. per kilo of body weight with no 
harmful effects, whereas arsenic exhibits fatal results in a ratio 
of 8 mg. per kilo of body weight. Therefore, germanium does not 
possess a toxicity for the living animal organism such as exhibited 
by arsenic.”* 

Later came the work by the same authors dealing with the ery¬ 
thropoietic action of germanium dioxide, previously mentioned in 
this paper. 

As far as the authors of the present paper can ascertain these 
above-mentioned articles are the only reports of work thus far 
conducted in connection with the physiological action of germanium. 

Present Investigations. The germanium dioxide used throughout 
the present work was a portion of the original atomic weight material 
belonging to one of us. 

* MOller, J. H.: Atomic Weight of Germanium, Jour. Am. Chcm. Soc., 1921. 
43, 1083. 

1 Hammett, MOiler and Nowrey: Relative Toxicity of Germanium Dioxide and 
Arsenic for the Albino Rat, Jour. Pharmacol, and Exper. Therap. (Accepted for pub¬ 
lication.) 



UGG MULLER, iszakd: germanium dioxide 

The authors wish to state that the solubility of germanium dioxide 
in water has been redetermined by them, and it has been shown 
that a freshly prepared solution has a strong tendency to super¬ 
saturation and colloid formation. Such a supersaturated solution 
at 26° C. contains 0.00G632 gm. of germanium dioxide per cc, but 
on long standing deposits a considerable quantity of the hydrated 
oxide. Solutions of this concentration were at first employed in 
this experimental work, but later were substituted by a stable 
saturated solution containing 0.0046S4 gm. of germanium dioxide 
per 1 cc, representing the true solubility of the pure oxide in water. 

The laboratory animals used in all the tests were kept in indi¬ 
vidual wire cages and were held under observation for one week 
preceding experimental work, in order for them to become accli¬ 
mated to their new conditions. During this period, as well as 
during the period of experimentation, the amount and character 
of the food were controlled, carrots, cabbage and water being given. 
Weight determinations were likewise made during the entire period 
at intervals of twenty-four hours. 

All injections were made with a sterilized Luer 10 cc hypodermic 
syringe. 

All blood counts were made in a blood-counting chamber having 
the Zuppert-Neubauer type of ruling. The technic employed in 
making the blood counts was that as outlined in Stitt’s Practical 
Bacteriology Blood Work and Parasitology * 

ErytL. poietic Action of Germanium Dioxide. A preliminary test 
was run on a scries of eight guinea-pigs to determine: 

1. Whether an appreciable increase in erythrocyte count followed 
dosage with germanium dioxide. 

2. Whether there was an accompanying increase or decrease in 
body weight. 

3. Whether there was an increase in hemoglobin content. 

4. Whether there was a difference between method of administra¬ 
tion and increase in red blood cell count. 

The germanium dioxide used in testing this series contained 6.632 
mg. of germanium dioxide per 1 cc. The amount of germanium 
dioxide given was calculated on the basis of 100 mg. per kilo of 
body weight. 

Of this series 3 animals received subcutaneous injections, 3 
animals received intrapcritoneal injections and 2 were used as 
controls. 

The results of this preliminary series of tests showed that: 

1. There was an appreciable increase in erythrocyte count, since 
it was possible to demonstrate, in all the animals treated, a rise of 
at least 1,000,000 over the normal count. 

* Stitt, E. It.: Practical Bacteriology, Blood Work and Parasitology, aurtL edition. 
P. Bl&kiston’s Son Co., pp. 249-252. 



TABLE I. —SHOWING THE ERYTIIHOPOIETIC ACTION OF GERMANIUM DIOXIDE IN A SERIES OF FOUR GUINEA-PIGS. 
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2. As regards the body weight the animals receiving but one 
dose based on 100 mg. per kilo of body weight showed no change 
or a slight increase in body weight, whereas those given more than 
one dose on successive days showed a decrease in body weight, from 
which they gradually recovered after dosing was discontinued. 

3. Accompanying an increase of 1,000,000 in erythrocyte count. 
there was an increase in hemoglobin approximating a rise of 8 to 
10 per cent above the normal hemoglobin reading. 

4. Since, all animals treated showed a rise in the erythrocyte 
count, which rise showed no variation between subcutaneous and 
intraperitoneal injections, the authors concluded that the mode of 
administration does not affect the erythropoietic action of the 
germanium dioxide. 


A. Erythropoietic Action of Germanium Dioxide in Guinea-pigs. 
Following the preliminary series a more detailed series of tests 
w-as run on 4 guinea-pigs, observations being made at intervals 
of twenty-four hours as regards body weight and erythrocyte count. 

In this scries the dose was administered intraperitoneally. 

The normal erythrocyte count and weight of the animal was taken 
just prior to the initial dose. 

The germanium dioxide used in this series was a solution con¬ 
taining 4.6S4 mg. per 1 cc. 

Table I shows the results of th.s experimental work: 



Chart I.— Curve showing He erythropoietic action ol germanium dioxide in n 
Buln f?*h 1 , s * , Tw0 doses of GcOa given intraperitoneally; each cc of solution - 4 GS 
mg. GcO*. Arrows above indicate days on which doses were received, and brack¬ 
eted numbers indicate the number of mgs. received on that particular day 


Table I shows that following the administration of a dose based 
on 100 mg. per kilo of body weight there was (a) an accompanying 
rise in erythrocyte count, (6) there was a change in the body weight 
in the case of Nos. IIIj and IIIj there occurred a slight decrease in 
body weight at first followed by a rise above the weight taken 
just prior to the initial dose; in case of Nos. IV, and IV, a gradual 
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increase in body weight was seen. However iii all 4 animals 
when the amount of dose was doubled there was noted a decrease 
in body weight followed by an increase in 3 of the animals, 
which increase was above the first weight taken. 

This rise and fall in the erythrocyte count can best be shown if 
plotted graphically. Chart I is the erythrocyte curve of animal 
No. IV* the weights and erythrocyte counts of which are given in 
-Table I. 

B. Erythropoietic Action of Germanium Dioxide in a Rabbit. For 
this experiment a 2479 gm. male rabbit was used. This rabbit 
was given an intraperitoneal injection, of germanium dioxide con¬ 
taining 4.684 mg. per 1 cc. In other words the rabbit received 
234.2 mg., which dose based upon kilo of body weight is 94.4 mg. per 
kilo. Following this injection records of the weight and erythro¬ 
cyte count were made for a period of two weeks at approximately 
twenty-four-hour intervals. Table II shows the results obtained: 

TABLE II.—ERYTHROPOIETIC ACTION OF GERMANIUM DIOXIDE 
IN A RABBIT WHICH HAD RECEIVED 234.2 MG. OF 
GERMANIUM DIOXIDE IN ONE DOSE. 


Day*. 

Weight of rabbit 

Erythrocyte count i 

in grams. 

cubic millimeter. 

0 

1 

o 

2479 

5,350,000 

2458 

5,910,000 

3 

2375 

6,170,000 

4 

2325 

6,430,000 

fi 


0 

2289 

5,830,000 

7 

2504 

0,730,000 

8 

2330 

0,210,000 

9 

2215 

0,890,000 

10 


11 

2390 

7,120,000 

12 

2320 

0,090,000 

13 

2329 

0,440,000 

14 

2395 

5,950,000 

27 


0,030,000 


Tabic II shows that accompanying a single dose there is a rise 
and fall in the erythrocyte count which extends over a period of 
two weeks, reaching its maximum on the ninth day, an increase of 
1,540,000 over the normal count. On the fourth and thirteenth 
days are seen increases of 1,000,000 over the normal count. At the 
end of the second week the count becomes a constant, as was proved 
by allowing thirteen days to elapse before the final count. This 
determination showed no appreciable rise. 

Chart II, which is the graphic chart of erythrocyte counts of 
the rabbit demonstrates a similar condition following the dose of 
germanium dioxide to that exhibited in the guinea-pig in Chart I. 

The dotted line in the curve indicates the lapse of thirteen days. 
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Chart II.—Curve showing erythropoietic action of germanium dioxide in a rab¬ 
bit. One dose of GcOi given intraperitooeolly on 0 day, 50 cc of a solution being 
given which contain 4.684 mg. of GeOi per cc. 

C. Erythropoietic Action of Genn&ninm Dioxide on a Dog. A St. 
Bernard dog, aged ten years, weighing about 62 kg., was kept under 
observation for forty-eight days, during which time doses of ger¬ 
manium dioxide were given subcutaneously in the region of the 
breast at stated intervals, and the erythrocyte count was made 
every twenty-four hours. 

Table III and the accompanying graphic chart show the nature 
and results of this experimental work. 

Before interpreting the results demonstrated in Table III and 
Chart III tlie authors wish to state that the dog gave an initial 
count of 2,000,000 below the average normal count, which count 
for a dog is 6,500,000.® This subnormal erythrocyte count can 
possibly be attributed to the age of the dog. 

As the result of continued dosing in the first nine days there was 
seen an increase in red blood corpuscles reaching a maximum on 
the fourth day after the first dose was received, which increase 
was 3,150,000 over the initial count. On the fifth day a decrease 
was demonstrated, followed by a recovery on the sixth day. 
Accompanying tills continued dosing there was seen a fluctuating 
rise and fall in the curve. 

Following the discontinuance of the dose on the ninth day the 
count gradually rose, reaching on the seventeenth day, which is 
eight days after discontinuance of the dose, a maximum compar¬ 
able to that reached on the fourth day. Without any further 
dosing the erythrocyte count dropped, reaching its lowest point 
on the twenty-first day, eleven days after the cessation of dosing. 

• Pl imm rr, R_ H. A.: Practical Organic and Biochemistry, Longmans, Green & 
Co.. 1920, p. 473. 
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Again a rise was demonstrated, and on the twenty-sixth day, or 
sixteen days after the last dose, a second maximum was reached 
which was just 1,000,000 less than the first. Following this second 
rise the erythrocyte count gradually approached the normal read¬ 
ing, becoming more or less constant at a count about 1,000,000 
above the initial count. 


TABLE III.—SHOWING ERYTHROPOIETIC ACTION OF GERMANIUM 
DIOXIDE IN A DOG. TOTAL DOSE = 1265.7 MG. 


Erythrocyte count in 
Days. cubic millimeter. 


0 

4,550,000 

1 

5,390,000 

2 

0,000,000 

3 

0,700,000 

4 

7,700,000 

5 

G^i90,000 

0 

7,320,000 

7 

7,200,000 

8 


9 

7,480,000 

10 


11 

7,210,000 

12 

G.210,000 

13 

0,300,000 

14 

G,400,000 

15 

0,500.000 

1G 


17 

7,800,000 

18' 

7,300,000 

19 

0,000,000 

20 

6,340,000 

21 

5,140,000 

23 

5,450,000 

24 


25 

0,590,000 

20 

6,750,000 

27 

5,900,000 

28 

5,700.000 

29 

5,790,000 

30 

5,000,000 

31 

5,100,000 

32 

5,000,000 

33 

5,980,000 

34 

5,000,000 

35 

0,700.000 

3G 


37 

0,630,000 

38 

0,970,000 

39 


40 

0,100,000 

41 

5,750,000 

42 


43 

0,250.000 

44 

5,600,000 

45 


40 

5,060,000 

47 


48 

5.G50.000 

G3 

0,250,000 


Subcutaneous dose of 

Dom of 

germanium dioxide in 

germanium 


dioxide in 

solution. 

miUiKnune. 

17.4 

115.4 

15.5 

102.8 

15.3 

101.5 

15.5 

102.8 

15.3 

101.5 

15.3 

101.5 

15.3 

101.5 

15.3 

101.5 

15.3 

101.5* 

15.3 

101.5 


50.0 234.2 
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When the count was demonstrated as being a constant a large 
dose of 234.2 mg. of germanium dioxide in solution was injected 
into the dog. Following this dose there can readily be seen by 
referring to Curve III that a rise and fall in erythrocyte count 
occurred comparable to that demonstrated in previous continued 
dosing. 

Summing up the above results it has been demonstrated that 
. one large dose shows the same effect as regards increase in erythro¬ 
cyte count that continued small doses on successive days produce. 
Also that the reaction of germanium dioxide is rapid, requiring 
four days to reach its maximum and approximately two weeks 
following discontinuance of the dosage before the erythrocyte count 
becomes a constant. 

By referring to Chart III and Table 111 it is seen that the count 
obtained on the sixty-third day indicates a rise over that made 
on the forty-eighth day. However, the interesting fact is that 
this last count is approximately that of a normal dog.* 

D. Erythropoietic Action of Germanium Dioxide in a Man Aged 
Thirty-nine Years. In carrying out this phase of the work the dose 
of germanium dioxide was administered through the mouth, an 
aqueous solution of the dioxide being taken on an empty stomach in 
each instance, one-half hour before a meal. Prior to die initial 
dose the weight and red blood cell count were taken. 

Observations of the erythrocyte count and body weight were 
made on this individual over a period of forty-two days. Table 
IV and Chart IV give a consideration of the work done and the 
results obtained. 

Both Table IV and Chart IV show that the rise and fall in the 
erythrocyte count, accompanying and following dosage of germa¬ 
nium dioxide in man, is comparable with that exhibited in the 
case of laboratory animals. At the end of the second week follow¬ 
ing the discontinuance of the dose the count became a constant, 
further confirmed by a count made fifteen days later. This is 
shown on the chart by a dotted line. 

In addition the results for man show that a dose absorbed through 
the stomach produces the same effect in increasing the erythrocyte 
count as subcutaneous and intraperitoneal injections did in the case 
of the laboratory animals. 

In summing up the work on the erythropoietic action of germa¬ 
nium dioxide the following conclusions have been drawn. 

1. Following a dose of germanium dioxide based upon 100 mg. 
per kilo of body weight there is a marked rise in erythrocyte count. 

2. Following doses of germanium dioxide the authors were able 
to demonstrate in each case a rise in red blood cell count of at least 
1,000,000 above the count obtained just preceding the first dose. 


VOL. 163, NO. 3.—1LABCU, 1922 


• Loc. cit. 
13 
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The maximum erythrocyte count obtained was a rise of 3,000,000 
in the case of the dog, the initial count of which was below normal. 

3. Following a single dosage there follows a rise and fall in 
the erythrocyte curve explainable probably on the grounds of 
periodicity, a certain linking up of the compound, causing a stimu¬ 
lation of the blood-producing organs, followed by the rapid produc¬ 
tion of erythrocytes. This opinion is supported by the hypcremic 
condition of the bone-marrow, plainly seen on gross examination, 
at autopsy, of the long bones of all animals injected. 


TABLE IV.—SHOWING THE ERYTHROPOIETIC ACTION OF GERMA¬ 
NIUM DIOXIDE IN A MAN. DOSES TAKEN THROUGH THE 



MOUTU. 

TOTAL DOSE = 

240S.7 mg. 



Erythrocyte 

Dote of 

Does of 

Body ‘ 


count in 

germanium dioxide 

Ccrmanium 

weinfit 




dioxide itt 

in 

Day*. 

centimeter. 

meter of solution. 

mi Hi crams. 

kilos. 

0 

5,000,000 

15.3 

110.5 

61.01 

1 

0,550,000 

15.3 

110.5 

01.00 

2 

0,310,000 

30.6 

203.0 

01.69 

3 

fl,140,000 

30. G 

203.0 

61.78 

4 

5,000,000 

30.0 

203.0 

61.40 

5 

6,000,000 

30.G 

203.0 

G1.01 

G 

0,010,000 

30.6 

203.0 


7 

0,220,000 

30.0 

203.0 

01.82 

8 

5,580.000 

30.6 

203.0 

61.82 

9 

5,300,000 



62.00 

10 




62.05 

11 

5,000,000 



62.20 

12 

6,270,000 




13 

5,850.000 



61.01 

14 

5,330,000 



61.90 

15 

- 4,900,000 

30.6 

143.2 

61.40 

1G 

5,140,000 

30.0 

143.2 

61.23 

17 

5,220,000 

30.0 

143.2 

61.30 

18 




61.70 

19 

5.350,000 



61.75 

20 

5,820,000 



61.75 

21 

5,600,000 



62.14 

22 

5,220,000 



61.90 

23 

5,560,000 



62.10 

24 

5,100.000 




25 

4,910.000 




20 

5,010,000 

50.0 

234.2 

61.75 

27 

5,650,000 

26.0 

121.8 

61.70 

28 

6,510,000 



61.69 

29 

5,890,000 



61.69 

30 




61.69 

31 

5,430,000 




32 

5,540.000 




33 





34 

5,190,000 




35 

5.400,000 



61.68 

3G 




61.G8 

37 

5,200,000 



61.G8 

38 

5,540.000 



01.70 

39 




61.80 

40 

5,460,000 




41 




61.90 

42 

5,500,000 



62.00 

57 

5,550,000 
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Toxic Action of Germanium Dioxide. Work done at the Wistar 
Institute of Anatomy and Biology on the toxicity of germanium 
dioxide in the albino rat was concerned chiefly with the adminis¬ 
tration of small doses, the largest dose given being ISO mg. per 
kilo of body weight which represented in actual quantity not more 
than 34 mg. per animal. 7 ^ ^ . 

The writers of this paper have in their work used in the various 
phases of this problem as much as: 

Guinea-pig, 73.5 mg. 

Rabbit, 234.2 mg. 

Dog, 1265.7 mg. 

Man, 240S.7 mg. 

which doses showed no apparent toxic effect. 

These am ounts, however, were not given in one dose but were 
extended over a period of several days, with intervals elapsing. 
Hence the factor of elimination enters in, discussed later in this 
article, which work shows that. germanium dioxide is rapidly 
eliminated from the system. 

In testing out the toxic effect of germanium dioxide a series of 
3 guinea-pigs was injected intraperitoneally with the germnnic 
acid solution. 

Pig A received as an initial dose 39.78 mg. of germanium dioxide. 

Pig B received as an initial dose 53.04 mg. of germanium dioxide. 

Pig C received as an initial dose G6.32 mg. of germanium dioxide. 

The subsequent doses received by each animal were the same 
as the initial dose received. 

Table V shows the result of administration of these quantities. 

The result of this experimental work shows that the fata! dose 
is between 238.68 mg. and 265.20 mg. of germanium dioxide, since 
a pig receiving 238.68 mg. was unaffected and all receiving as 
much as 265.20 mg. died. 

Accompanying the large doses received by these animals there 
was a marked decrease in body weight. At autopsy no gross 
pathological changes were noted except a marked liypercmic con¬ 
dition of the bone-marrow. Moreover, in the tests conducted to 
determine the erythropoietic action of germanium dioxide it was 
noticed that when a large dose was given there was a retardation 
in the increase of red blood corpuscles and an accompanying decrease 
in the body weight, therefore it can be concluded that germanium 
dioxide does have a toxic effect if taken in very large doses. 

Calculating on the basis of per kilo of body weight it was found 
from the preceding experiment that 265 mg. of germanium dioxide 
proved fatal for the 3 guinea-pigs injected. Since the heaviest 
of these animals weighed 465 gm. we can assume that the lethal dose 

i H amm ett, MQUcr and Nowrcy: Relative Toxicity of Germanium Dioxide and 
Arsenic for the Albino Rat, Jour. Phannacol. and Expcr. Thcrap. (Accepted for pub¬ 
lication.) 
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of germanium dioxide is 2G5 mg. Therefore, per kilo of body 
weight the fatal dose would be 5SG mg. of germanium dioxide. 

To substantiate this conclusion a series of 4 guinea-pigs were 
injected, basing the dosage on 5S6 mg. of germanium dioxide per 
kilo as fatal. 

TABLE VI.—SHOWING RESULTS OF FATAL DOSING WITH 

GERMANIUM DIOXIDE. 


Do*e of 



Body 

ireignt 

germanium 

Dose of 


Animal. 

dioxide in 
cnl>ie 

germanium 
dioxide in 

Resulta. 


in grama. 

centimeter*. 

milligram*. 


Guinea-pig Wi 

. . 322 

40.0 

190.17 

Death within 18 





hours alter dose. 

Guinea-pig W, 

. . 310 

40.2 

1S8.29 

Death within 18 





hours after dose. 

Guinea-pig Xt 

. . 3S0 

*47.8 

223.S9 

Death within 18 





hours after dose. 

Guinea-pig Xt 

. . 3S0 

47.8 

223.89 

Death within 18 





hours after dose. 

Table VI 

shows that following 

one large dose, supposedly the 


approximate lethal dose, all 4 guinea-pigs died within eighteen 
hours. 

Therefore, between 500 and 000 mg. per kilo of body weight is 
toxic for the guinea-pig. Also this amount given in one large dose 
has the same etfect as a scries of smaller doses given on successive days 
Sec Table V. Hence the toxic action is not due to cumulative effect. 
In all cases in which toxic action was observed an overstimulation of 
the blood-producing organs was seen, for in all animals that died, 
both in this last series as well as in the previous scries, on gross 
examination, the bone-marrow showed a marked hyperemic condi¬ 
tion and was dark red and seemed to be in a state of coagulation, 
this condition being most marked at the joints of the long bones. 

It was thought necessary by the authors to ascertain whether 
the injection of such a large volume of solution of slightly less than 
isotonic concentration might have contributed to the fatal effects 
produced in the preceding series of guinea-pigs, hence a solution of 
pure sodium chloride of the same tonicity as that of the gennanic 
acid was injected into 2 control guinea-pigs. This volume of salt 
solution had no apparent affect upon the animals injected. 

Cumulative Effect and Elimination of Germanium Dioxide. Since 
this phase of the problem requires the employment of a method 
whereby chemical analysis of animal tissues and excreta for germa¬ 
nium dioxide may be made, the authors wish to here state in detail 
the methods employed by them in making such chemical analyses. 

Quantitative Analysis of Animal Tissues and Excreta for Germanium 
Dioxide. The general procedure was essentially the same as that 
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employed by Buchanan 8 in the analysis of inorganic mixtures 
beming germanium, advantage being taken of the elaboration of 
this method as detailed in the later work of Dennis and Papish. 0 

This method is based upon the volatility of germanium tetra¬ 
chloride from an aqueous hydrochloric acid solution in a current 
of chlorine. 

As no examination of organic matter for germanium content has 
- been reported, the authors of this paper found it necessary to make 
investigation concerning the preliminary treatment of the animal 
organs and excreta, so that practically all the germanium could 
be recovered from relatively large masses of organic matter. 

The following procedure was finally adopted as most satisfactory: 

In the case of urine and fecal material it was necessary to treat 
the collected samples with an excess of sodium hydroxide to fix the 
germanic acid content before evaporation and ignition. Approxi¬ 
mately 10 gm. of caustic soda were added for each 300 cc sample of 
urine; in the case of the fecal material this was thoroughly moistened 
with a concentrated solution of sodium hydroxide immediately 
following the collection of the sample. Such materials cannot 
otherwise be evaporated to dryness and ignited without loss of 
germanium ou account of the large amounts of chlorides always 
present. 

The samples were evaporated to dryness under a hood and the 
dried residues were then heated in covered porcelain dishes to 
slightly above the charring temperature, care being exercised to 
avoid overheating the bottom of the dishes, and no attempt was 
made to burn off the residual carbon. At a low red heat in the 
well-covered dish the unburned porous carbon prevents the alkali 
from melting down and attacking the porcelain container. In the 
case of the urine residues especially a complete charring is desirable, 
as the less strongly heated residues cause much trouble by foaming 
when subsequently treated with hydrochloric acid. 

The charred alkaline masses were next disintegrated in a little 
distilled water and neutralized with hydrochloric acid, and the whole 
rinsed into the distilling apparatus with a large excess of 1 to 1 
hydrochloric acid. Usually the volume of the liquid subjected to 
distillation measured from 250 to 300 cc, and about two-thirds of 
this volume were driven over as distillate before interruption of 
the distilling operation. Further small portions of distillate were 
collected and examined for germanium dioxide as a check upon 
the complete removal of the tetrachloride. 

Adequate condensing surface, thorough cooling of the water in 
the receiver, together with a safety water-trap to prevent loss of 
germanium chloride in the chlorine stream, were especially necessary 
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in the estimation of small quantities of germanium in the large 
masses of organic matter present in these determinations. 

In case of the animal organs, muscle and bone samples all were 
digested for twenty-four hours with concentrated hydrochloric acid 
in stoppered flasks (100 cc of concentrated hydrochloric acid for 
each 20 gm. of sample). After the addition of an equal volume of 
water the turbid mass was transferred to the distilling apparatus' 
together with sufficient 1 to l hydrochloric acid to make the volume 
up to 250 cc chlorine slowly led through the system in the cold was 
then allowed to destroy most of the organic matter before the final 
distillation. 

From this point the analysis of the samples of urine, fecal material 
and animal tissues were identical. The acid distillates in all these 
analyses contained not only dilute hydrochloric acid, chlorine and 
germanium chloride, but also appreciable quantities of chlorinated 
fatty esters resulting from the incomplete destruction of the organic 
matter by either the wet or dry methods. This was evidenced 
by the presence of minute oily particles or a small fiocculcnt precipi¬ 
tate in the distillate. 

The distillates were not filtered but treated directly with hydrogen 
sulphide under pressure to saturation in the cold. The precipitate, 
containing germanium sulphide, pure sulphur and chlorinated fatty 
compounds, was then removed by filtration and digested in alco¬ 
hol acidified with hydrochloric acid and saturated with hydrogen 
sulphide. The germanium sulphide which remained insoluble was 
again filtered out and washed with pure alcohol containing hydrogen 
sulphide. The sulphide was now converted in the usual manner to 
dioxide, in which condition the germanium was weighed. 

By the above method germanium dioxide can be detected in as 
small a quantity as 0.0002 gm. 

It should be noted that the concentration of the hydrochloric 
acid used in these analyses is much greater than that recommended 
n the article by Dennis and Papish 10 on the separation and deter¬ 
mination of germanium, but the special attention to acid concen¬ 
tration during distillation is only necessary in the presence of 
arsenic, which was not present in the material here analyzed. 

In case of the presence of arsenic in animal tissues or excreta 
there are two methods which may be adopted for the determination 
of germanium: 

Method I. The method given by Dennis and Papish. 11 A 
modified distillation method depending upon the maintenance of 
the arsenic in the pentavalent state in an atmosphere of chlorine, 
under which condition the arsenic remains non-volatile. 

Method II. A separation of arsenic and germanium through the 


“ Loc. tit. 
11 Loc. tit. 
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difference in the behavior of their sulphides toward hydrofluoric 
acid. 13 

This latter method, in the opinion of the writers of this article, 
has decided advantage over Method I in the simplicity of manipu¬ 
lation. 

Cumulative Effect of Germanium Dioxide. In order to determine 
whether there was any accumulation and localization of germanium 
-dioxide in the various organs of the guinea-pig a 422-gm. animal was 
given 40 cc of germanium dioxide in 10 cc doses over a period of 
four successive days. Since each cubic centimeter of such a solu¬ 
tion contained 6.632 mg. of germanium dioxide the animal received 
as a total dosage 264.S mg. 

On the fifth day the animal died and was posted, the lungs, 
liver, kidney, muscle and leg bones being removed and examined 
separately by the chemical procedure as outlined by the authors 
under the quantitative determination of germanium dioxide in the 
animal tissues. 

Table VII shows the result of such analyses: 

TABLE VII.—SHOWING THE RECOVERY OF GERMANIUM DIOXIDE FROM 
TIIE ORGANS OF A GUINEA—PIG WHICH IIAD RECEIVED AN APPROX¬ 
IMATE LETHAL DOSE OF THE COMPOUND. TOTAL DOSE OF GER¬ 
MANIUM DIOXIDE RECEIVED, 264.8 MG. 


Orsuu analyzed. 

Amount of 

Percentage of 

in milligram*. 

received. 

Lung. 

.0.9 

0.34 

Liver. 

.1.4 

0.53 

Kidney. 

.1.1 

0.41 

Muscle. 

.0.5 

0.19 

Bone (legs). 

.0.3 

0.11 

Total recovery .... 

.4.2 

1.58 


From Table VII it is evident that the accumulation of germa¬ 
nium dioxide in the organs examined is small and the amount 
recovered due to the blood content of the organs at the time of 
analysis. 

To confirm this statement another guinea-pig was injected intra- 
pcritoneally with a slightly smaller dose than the guinea-pig listed 
in Table VII. The injections in this second pig were given in the 
same way as the injection received by the guinea-pig of Table VII. 
On the fifth day following the first dose the animal was bled from 
the jugular vein while under an anesthetic. Nineteen grams of 
blood were obtained, which amount was approximately 30 per 
cent of the total blood content of the animal. Chemical analysis 

a MQIlcr, J. H.: Separation of Germanium and Arsenic, Jour. Am. Chem. Soc., 
1921, 43. 
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for germanium dioxide was made of the blood and organs of this 
guinea-pig. 

The results of this work appear in Table YUI: 


TABLE Y1H.—SHOWING RECOVERY OF GERMANIUM DIOXIDE FROM 
BLOOD AND ORGANS OF GUINEA-PIG WHICH HAD RECEIVED . 
SLIGHTLY LESS THAN LETHAL DOSE. TOTAL DOSE OF GERMA¬ 
NIUM DIOXIDE RECEIVED, 1S7.3 mg. 

Amount recovered 
of 

dioxide in 

Analyses made. milligrams. 

Blood 19 gms. collected.2.8 

Lung. 0.5 

Liver.0.5 

Kidney.0.7 

Bone (all long bones being analyzed) .... 1.0 


PereenUce of 
total dosage 
received. 

1.49 

0.20 

0.28 

0.37 

0.53 


Total amount recovered.5.5 


2.91 


As 2.S mg. of germanium dioxide were recovered from 19 gm. of 
blood, which is about 30 per cent of the total blood content of an 
animal weighing 550 gm., the weight of the guinea-pig just prior 
to bleeding, it might be assumed that there existed in the total 
blood stream 14.7 mg. Moreover, it is noticeable by comparing 
Table VII and Table VIII that the removal of part of the blood 
gave a lower germanium content for the organs. 

Hence, it may be assumed flint the cumulative effect of germa¬ 
nium dioxide is negligible and that the blood stream carries as 
much as 0.014 per cent of germanium dioxide, this amounting to 
10.49 per cent of the total dose in the entire blood stream. 

Elimina tion of Germanium Dioxide from the System. A study of 
the elimination of the germanium dioxide was made upon a male 
rabbit weighing 2300 gm. During this period the animal was kept 
in a rubber-lined nutrition cage (precaution being taken to render 
the condition such that the samples would not come in contact 
with any metal). This rabbit received one large dose of germanium 
dioxide (234.2 mg.) intraperitoneally given in 50 cc of aqueous 
solution, following which dose a careful study was made of material 
eliminated. During the observation period of thirteen days the 
total urine and fecal material were collected at intervals indicated 
in Table IX. 

Chemical analysis was made of these samples by the method 
as outlined previously in this article. The results of such analysis 
are tabulated in Table IX. 

The preceding results show: 

(a) The overdose of germanium dioxide is rapidly eliminated 
from the system, amounting to 139.7 mg., which is about 59.6 
per cent of the total dose received. This occurred within a period 
of twenty-four hours following the dose, and analysis showed it to 
be practically entirely eliminated through the kidneys. 
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TABLE IX.—SHOWING ELIMINATION OF GERMANIUM DIOXIDE FROM 
THE STSTEM OF A RABBIT. 1NTRAPERITONEAL INJECTION OF 
GERMANIUM DIOXIDE GIVEN DECEMBER 13, 1921. DOSAGE, 
234.2 MG (50 CC OF SOLUTION). 



Analysis of urine samples for 

Analysis of fecal material for 


germanium dioxide. 

germanium dioxide. 

Date of collection Amount recovered 

Percentage of 

Amount recovered 

Percentage of 

of sample*. 

in milligram*. 

original dosage. 

in milligraiTH- 

original dosage 

"Dec. 14, 1921 

. . 132.7 

50.06 

7.0 

2.98 

Dec. 15. 1921 

2.7 

1.15) 



Dec. 10, 1921 

. . 3.7 

1.58V 

26.2 

11.19 

Dec. 17, 1921 

. . 2.1 

o.ooj 



Dec. 18, 1921) 

2 4 

1.03 

5.0 

2.13 

Dec. 19, 19211 





Dec. 20,1921 

1.9 

0.8ll 

0.4 

2.73 

Dec. 21. 1921 





Dec. 22. 1921 





Dec. 23,1921 

1.2 

0.51 



Dee. 24, 1921 





Dec. 25, 1921 





Dec. 26, 1021 

0.3 

0.13 



Dec. 27, 1021 





Total elimination 147.0 mg. 

62.77 

44.6 mg. 

19.03 


(ii) After the expulsion of the overdose the elimination becomes 
fairly constant over a long period and the amount eliminated from 
the intestinal tract increases slightly. 

(c) From the results obtained about 81.8 per cent of the total 
dosage was accounted for within two weeks’ time. This result in 
a measure explains the reason for the return of the erythrocyte 
curve to a constant in two weeks following dosage, which fact was 
pointed out previously in this paper. 

A study was also made to determine the elimination of germanium 
dioxide from the system of man through the agency of the kidneys, 
analysis of the urine being made at definite intervals following a 
dose of 35.G mg. germanium dioxide taken in 70 ce of aqueous solu¬ 
tion through the mouth. 

Tabic X shows the result of such a study: 


TABLE X.—SHOWING ELIMINATION OF GERMANIUM DIOXIDE FROM 


THE SYSTEM OF A IUIMAN BEING. DOSE TAKEN INTERNALLY 
(SOLUTION SWALLOWED) DECEMBER 11, 1921, DOSAGE 350 MG. 
(70 CC OF SOLUTION). 



Volume of urine 

Analysis of urine sample for 
recovery of germanium dioxide. 


collected. 

Amount recovered 

Percentage of 

Date of collection of samples. 

CC. 

in milligrams. 

original dosage 

Dec. 11, 10 a.m. to Dec. 14, 10 a.u. 

. 2140 

207.0 

58.14 

Dec. 14, 10 a.m. to Dec. 10, 10 a.m. 

. 1780 

0.5 

1.82 

Dec. 10, 10 a.m. to Dec. 17, 10 A.M. 

. 750 

2.3 

0.64 

Total elimination .... 

. 4670 

215.8 

60. GO 
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The results of this study show (a) that a dose taken through the 
mouth is absorbed into the system giving the same type of elimina¬ 
tion as a dose given intraperitoneally into the system of the rabbit, 
and ( b ) the expulsion of the overdose is almost identical with that 
exhibited in the case of the rabbit. 

Conclusions. The authors of this paper as a result of the present 
investigations conclude that: 

1. Germanium dioxide has a decided erythropoietic action in the 
guinea-pig, rabbit, dog and man. 

2. This erythropoietic action exerts a certain periodicity as shown 
in all of the erythrocyte curves obtained. 

3. Relatively large dcses of germanium dioxide are distinctly 
toxic, and from the results obtained it can be roughly calculated 
that the lethal dose is about 5SC mg. of germanium dioxide per 
kilo of body weight. 

4. This toxic action is not explainable on the basis of the accu¬ 
mulation of the compound in the system but is possibly due to an 
overstimulation of the blood-forming organs. 

5. The quantitative method as devised by the authors for the 
determination of germanium dioxide in animal tissues and excreta, 
both in the presence and absence of arsenic, is an accurate method. 

6. Germanium dioxide does not accumulate but is eliminated 
through the kidneys and alimentary tract. The overdose being 
rapidly eliminated and occurring chiefly through the agency of the 
kidneys, elimination by way of the alimentary tract is small. 

The authors wish to express their appreciation of the kindnesses 
extended to them by Drs. A. C. Abbott, D. H. Bergey and H. F. 
Smyth during the course of this work, and to thank them also for 
the many valuable suggestions received. 


LATENT NEUEOSYPHUJS IN EIGHT PEE CENT OP MEDICAL 
PATIENTS IGNORED OWING TO NEGLECT OF LUMBAR 
PUNCTURE. 

By H. Gray, M.D., 

boston; mass. 

How impossible it is for any group of specialists to “annex 
syphilology as a perquisite” has recently been remarked by a 
specialist in this field—Stokes, in 1920. An internist may therefore 
be permitted to oppose those who even today talk of “syphilomania” 
(Gandolfo in 1919) and “Wassermania” (De Mcritt in 1920). The 
latter, for example, expresses the views of not a few “practical 
men” when he says, “ I use this rather slangy term, the best I can 
invent, for a new and hitherto unamed psj'chosis. . . . the 



